Temperature dependence of the rates of conformational changes reported by fluorescein 5'-isothiocyanate modification of H+,K(+)- and Na+,K(+)-ATPases.
Stopped-flow fluorometry has been used to measure the forward and reverse rates of the conformational change from E1 to E2 in the fluorescein-modified proton and sodium pumps (1) as a function of Na+ and K+ concentrations to verify the proposed mechanism of ion interaction with the enzymes and (2) as a function of temperature to gain insight into the nature of the conformational transition. (1) The fluorescence changes caused by Na+ and K+ are consistent with rapid competitive binding of the two ions to the E1 conformations of the enzymes followed by rate-limiting transitions between E1K and E2K. (2) Reaction coordinate diagrams for the E1K to E2K transitions in the H,K-ATPase and Na,K-ATPase are qualitatively similar. Enthalpy barriers to reaction are partially compensated by increased entropy in the transition states. However, there are striking quantitative differences between the two enzymes. The E2K to E1K reaction of the H,K-ATPase is more than 2 orders of magnitude faster (tau 1/2 = 6 ms at 22 degrees C) than the reverse rate of the Na,K-ATPase transition (tau 1/2 = 1.6 s), explaining repeated failure to detect a K(+)-"occluded" form of the H,K-enzyme. The E2K conformer of the Na,K-ATPase is 3 orders of magnitude more stable than E1K, while the E1K and E2K conformations of the H,K-ATPase are nearly equivalent energetically.